Background:
Sarin is a Chemical Warfare Agent (CWA) and arguably one of the most deadly. It was synthesize in 1939 by German scientists Schrader, Ambros, Ritter, and Linde and named in their honor. This CWA was never initially intended for use in war, but instead as an improvement for pesticides. However, even though intentions were never for harm to mankind that has not been the case. As seen in Figure 2 , there are multiple cases where sarin has been used for harm and most recently in 2013 in Ghouta, Syria.
When sarin enters the body, it binds irreversibly to a class of enzymes known as cholinesterases. This binding occurs by the phosphorus atom blocking the active site of the enzyme and preventing acetylcholine, a neurotransmitter from being broken down into choline and acetic acid. When this occurs, acetylcholine builds up in excess; when it is not degraded it prevents the cholinergic neuron from returning to its resting state after firing. Typically when this happens, death is almost certainly caused by asphyxiation due to the inability of muscles to allow breathing.
Motivation and Goals:
Currently, to neutralize and decontaminate CWAs, the agent is commonly diluted with large amount water. Then once a suitable concentration is reached, it is added to a field deployable batch reactor. Our goal for this project is to explore a way to neutralize and polymerize the CWA simulant in situ using a "wet" chemistry approach with very little dilution.
It had been previously noted at SNL that the mechanisms of hydrolysis and condensation were dramatically different between the dilute and concentrated regimes. These differences were also explored under this project.
Experiments:
A variety of experiments were designed to simulate high concentration of DECP low concentration of decontamination reagent. In each case, 1.0mL of DECP (7 mmoles) was added to an NMR tube and an initial 31 P NMR spectrum was taken to assess the relative starting percentages of phosphorus containing species. Then a minimal amount of decontamination reagent was added to the tube to initiate the reaction, and a kinetic series of multiple NMR spectra were in most cases acquired overnight then followed through several weeks. Additional 1 H and 13 C NMR experiments were also performed to confirm the presence of one of the byproducts of the reaction as chloroethane (EtCl) and not ethanol (EtOH). To try and further elucidate the question of the reaction mechanism by determining the byproduct of the reaction a
35
Cl NMR spectroscopy experiment was set up to examine the chlorine containing species of the reaction. To better understand the complexity of the hydrolysis reaction that occurs when water is added the 17 O isotope was examined using NMR spectroscopy. However, it has a natural abundance of 0.0037%. Due to its quadrupolar nature and fast relaxation time the low natural abundance was not a problem and it was possible to obtain a 17 O NMR spectrum of pure DECP.
To attempt to track the oxygen in the hydrolysis reaction, enriched water was used (H 2 17 O).
All experiments were performed on a Bruker Avance III 500 MHz spectrometer with 5mm broadband observe probe at 298K or 323K using standard pulse sequences.
Significant Results

Hydrolysis of DECP
A variety of different decontamination chemistries were explored as part of this project, water appears to behave in a first order fashion with respect to DECP; on the other hand, when peroxide is used instead, the reaction appears to behave in a second order manner. The half-life of DECP is very similar between the two and their product build up also suggest the major product components are the same. More studies may need to be done to investigate the difference in the first and second order rates.
The Spiking Experiment and Results
To confirm the presence of EtCl produced during the reaction, a spiking experiment was set up so that DECP was allowed to react for approximately 4 hours at 323K with 30 H 2 O and then spiked with 50 of 200 proof EtOH. A 13 C spectrum and 35 Cl spectrum were obtained.
The carbon spectrum clearly shows a distinction between two different species in the mixture. To further confirm this, the chlorine spectrum shows a large peak that is assumed to be EtCl, since DECP does not give a 35 Cl NMR signal likely because the molecule is too large. 
17 O NMR Spectroscopy
Unfortunately the use of 17 O NMR was not as helpful as hoped. Figure 12 show the 17 O spectrum of neat (unreacted) DECP the doublet corresponds to the phosphorus oxygen double bond (P=O) and the broad singlet corresponds to phosphorus oxygen ester bond (P-OEt). As seen in Figure 13 , there are two new broad singlets that could correspond to new ester bonds (P-OX).
It should be noted that all of the enriched water has been used up as it appears as a singlet at =0.00 ppm and was visible in the very initial stages of the reaction. Ideally, the dimer and trimer ester linkage bonds would have been present in the spectrum; however, they are not visible.
19 F-31 P INEPT Optimization
A side project pursed was to optimize the INEPT pulse program for 19 F-31 P containing compounds. To do this, 1-Butyl-1-methylpyrrolidinium hexafluorophosphate in CD 3 CN was used. Using different composite pulse sequences and varying different parameters for optimization, in each case, the normalized signal intensity was plotted as a function of the varied parameters (i.e. set J value, offset frequency of the observed channel, and offset frequency of the non-observed channel). It was observed that adding a composite pulse to the observed channel There are clear distinct differences in the spectrum produced from the normal pulse program used for 31 P NMR and the INEPT pulse sequence. Most notably is how the INEPT transforms a septet into a non-traditional septet where the central peak is null.
Conclusions and Concluding Comments:
Throughout my summers work I've run many reactions with DECP that have revealed a wide range of kinetic behavior. Due to the similarity in structure to DECP and GB, it is quite possible that some of these reactions and their kinetic analysis could be used for future decontamination effects of CWAs or precursor materials.
Further work with 19 F-31 P INEPT pulse sequences could lead to a way to detect and monitor fluorophosphates decontamination in fast effective means. However, there are some limitations that must be considered or circumvented such as large 19 F-31 P J-couplings and each nuclei have a wide chemical shift range. On the other hand, preliminary studies performed show that there are some types of composite pulses that can be added to the non-observed channel that will not significantly diminish signal over a wider offset range, which is promising considering 19 F has approximately a 1000ppm range.
Impact on my Future Scientific Endeavors
While my time at SNL has been short, it has been an amazing and rewarding experience.
This opportunity has given me the chance to take part in some very unique and exciting research. 
